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Abstract 
This comprehensive review focuses on the different factors, modification in the synthesis method, char-
acterization and application of heterogeneous catalyst in the wastewater treatment based on the Fen-
ton process. The present review highlights the different catalyst preparation methods like wet impreg-
nation method, hydrothermal method, sol-gel method, precipitation method and their application to 
treat different recalcitrant organic chemicals. Major heterogeneous catalyst synthesis methods were 
discussed with their excellent workability. The importance of modification through physical and chemi-
cal method  was  also reported. Different catalyst, pollutants and optimum parametric conditions avail-
able in the literature along with some relevant studies are summarized. The effect of factors like pH, 
calcination and some other modifiers on the synthesis and their efficiency in the wastewater treatment 
has been described. The important characterization of synthesized catalysts explaining their working 
efficiency has also been discussed. In the final section, the application of heterogeneous catalyst syn-
thesized by different methods in the wastewater/effluent treatment has been investigated. The main 
aim of this review is to find out the influence of process parameters and catalytic method on degrada-
tion/decolorization of organic compounds present in industrial or synthetic wastewater. Copyright © 
2020 BCREC Group. All rights reserved 
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Review Article 
1.  Introduction 
Many researchers are working on the treat-
ment of wastewater generated from different in-
dustries like printing, dye [1], plastic, paint [2], 
textile [3], food, leather [4], petroleum [5], paper 
[6], cosmetics [7], distilleries [8], steel, rice mill, 
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sugar [9], fertilizers, pharmaceutical [10-13], 
sewage, oil extraction and refineries etc. [14-20]. 
These industries produce a huge amount of 
wastewater containing harmful organic com-
pound that affects the environment directly or 
indirectly [21]. For instance, direct disposal of 
phenol and their derivatives into environment 
create serious issues for the living organism [22-
27]. In the same way, dyes are also intolerable 
and unacceptable due to poisonous and their re-
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fractory nature [28-30]. For the treatment of 
generated wastewater, various conventional 
and non-conventional methods like coagulation 
method [31], biological method [32], ion ex-
change method have been used, but among 
these methods, advanced oxidation technology 
(AOTs) is very effective comparatively [16,33]. 
During advanced oxidation reaction process, an 
oxidizing agent (•OH radical) reacts with pollu-
tant and degrades almost all the harmful recal-
citrant compounds into CO2, H2O, and inorgan-
ic salts [34]. Hydroxyl radical (•OH) is one of 
the strongest oxidizing oxidants (E0 =2.73 V). 
Hydroxyl radical generation is the basic princi-
ple of AOPs, produced by using hydrogen per-
oxide, UV-catalyst, O3, etc. and it mineralizes 
almost all organic chemicals [35].  
The role of heterogeneous catalyst, prepara-
tion method, and process parameters are very 
important in the advanced oxidation processes. 
The applicability of catalysts has vast areas: 
chemical engineering, material science, surface 
science, biochemistry, organic chemistry and 
inorganic chemistry [36]. Some examples of 
heterogeneous catalyst and pollutants are Fe-
SBA-15/H2O2 and Rhodamine B [28], 
FeOx,SiO2,TiO2/Ti/H2O2 and phenol [22], 
FeZSM-5 and Reactive Red 120 [29], Fe3+/Cu2+-
grafted ZnO [37], copper loaded bentonite and 
Yellow FCF [38], Cu-Zeolites and 2-
(methylmercapto) -benzothiazole  [39] , 
Fe/clinoptilolite zeolite and phenol [23], Cu-
modi f ied  a lka l in ized  g -C 3 N 4  [40] , 
CuO/Fe2O3/SBA-15 and N, N-diethyl-p-phenyl 
diamine degradation [41], Fe2O3/ACF and of 
acid red B [42], Fe/OMC and 4-chlorophenol 
[24], GO-Fe2O3 [43], HPW-Fe-Bent and methyl 
orange[44], Fe/meso-Al2O3 and phenol [45], 
Fe(III)-SiO2 and polyacrylamide [46], Fe(III)-
HY[47], Fe-doped TiO2 and carboxylic acids 
[48], CsxH3−xPW12O40 [49], CuFeZSM-5 and 
Rhodamine 6G [50], Bi-doped goethite–
hematite and actual pesticide [51], Ag2O-ZnO 
[52], Schwertmannite and phenol [26], Fe-
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Figure 1. (a, b, c, and d) A number of research papers related to the application of the hydrothermal 
method, wet impregnation method, sol-gel, precipitation and co-Precipitation method in Fenton pro-
cess to the wastewater treatment. Source: Scopus (December 2017) 
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titanate [53], Ferric giniite [54], Fe3O4-GO and 
phenol [27], BiFeO3–g-C3N4 and lignin [55], 
MoS2/Fe3O4 [56], Ag loaded CoFe2O4/Fe2O3 and 
R6G [57]. Figure 1 (a, b, c, and d) shows the 
number of research papers related to the appli-
cation of the hydrothermal method [57-59], wet 
impregnation method [22,28,29], sol-gel meth-
od [4,17,60], precipitation and co-precipitation 
method [61-63] with the Fenton process in the 
field of wastewater treatment. Figure 2 depicts 
the pie chart of published papers of four differ-
ent catalyst preparation methods used in the 
Fenton process. Figure 2 also displays that the 
most commonly used methods in the Fenton 
process are precipitation and co-precipitation 
method (51.12 %) till December 2017. 
The characterization of any synthesized cat-
alyst is necessary to reveal the scientific reason 
behind their efficiency. For instance, BET sur-
face area investigates the specific surface area 
and available pore volume in the catalyst. Fou-
rier transform infrared spectroscopy (FTIR) is 
used to obtain the idea about available func-
tional group present in a catalyst with a wide 
range of intensity through absorbance or trans-
mittance. Materials like metals, salts, semicon-
ductors, minerals, and many organic-inorganic 
chemicals can form a crystal. X-ray diffraction 
(XRD) is helpful to know about the develop-
ment of catalyst scientifically by measuring the 
Figure 2. Three-dimensional graphical rep-
resentation of published papers on different 
catalyst preparation methods in the Fenton 
process. 
Figure 3. (a) Schematic diagram of wet impregnation process. (b) Possibilities of wet impregnation 
process. 
X= Support, DW= Distilled water 
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intensities and angle through the diffracted 
beam from the material. Scanning Electron Mi-
croscopy (SEM) produces images of the sample 
through an incident beam of electrons on the 
surface of the material. The SEM can signifi-
cantly achieve the resolution better than 1 nm. 
Thermo Gravimetric Analysis (TGA) is a tech-
nique to get information about the chemical 
and physical phenomena like thermal decompo-
sition, chemisorption, solid-gas reaction and de-
sorption, adsorption and phase transition, re-
spectively. Temperature Programmed Reduc-
tion (TPR) profile characterization is especially 
useful for a heterogeneous catalyst to find the 
most significant oxidation/reduction condition. 
Raman spectroscopy observes the rotational, vi-
bration and low frequency mode of any struc-
tural fingerprint of molecules identified by the 
same.  
The modification of any catalyst is needed to 
enhance their respective characteristic and 
properties in the area of wastewater treatment. 
This can be possible with the physical and 
chemical modification like changing of mor-
phology or using some modifiers. Many re-
searchers investigated the influence of calcina-
tion temperature, acid and alkali treatment on 
heterogeneous catalyst.  
The objective of the present review is to ex-
plore the recent development of heterogeneous 
catalysts on the Fenton process. Major catalyst 
preparation methods like wet impregnation, 
hydrothermal, sol-gel method, and their appli-
cations are studied in this review paper. The ef-
fect of pH and calcinations are also important 
in wastewater treatment. Present literature re-
view reports the article published in last two 
decades on the heterogeneous catalyst for the 
treatment of recalcitrant, harmful organic com-
pound and real wastewater along with reaction 
conditions and catalytic performances. Figure 1 
and Figure 2 demonstrate the number of pa-
pers published in last 2 decades. 
Present review is aimed at finding out the 
most significant and widely used catalyst prep-
aration methods for the treatment of synthetic 
and industrial wastewater in Fenton’s process. 
Authors also demonstrated the simplification 
and possible process of heterogeneous catalyst 
preparation methods. In addition, various par-
ametric conditions are also tabulated to com-
pare with each other. There are many im-
portant parameters to know about the catalyst 
preparation methods with respect to ageing, 
calcination temperature, solubility and wash-
ing (pH) as these parameters decide about the 
size, structure, optical, magnetic property, di-
mensions, homogeneous-heterogeneous nuclea-
tion and their efficiency. Present review has 
been focused for the same. Stability and recy-
clability which are important property for any 
useful, effective and significant catalyst has al-
so been discussed in this work. Modification of 
catalyst during preparation can change their 
property and characteristics which have been 
described along with modification techniques. 
Factors such as pH, calcination, modifier or 
RPM affecting the synthesis of catalyst with 
respect to the surface area, pore volume, diam-
eter of particles have been elaborated in the 
present review. The characterizations of syn-
thesized catalyst are necessary to know the sci-
entific reasons behind the outcomes which may 
be the next step for new research. Variety of 
research on synthesized catalyst have been 
used in Fenton’s process have been discussed 
Figure 4. (a) Effect of acid, alkali and heat treatment on modification/activation of the catalyst (b) 
Influence of modifier on the enhancement of catalytic efficiency [68] (CFA: Coal fly ash, MCFA: Modi-
fied coal fly ash) (Reprinted with permission from Ref. [68] copyright from Royal Society of Chemis-
try) 
(a) (b) 
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Pollutants 
treated 
Catalyst used in 
WI method 
Optimum Conditions  
Maximum 
% Degradation  
Ref. Initial 
Conc. 
(ppm) 
pH 
Catalyst 
dose 
(ppm) 
H2O2 
(mM) 
 
COD 
(%) 
Color 
(%) 
TOC 
(%) 
Rhodamine B 
dye 
Fe-SBA-15 10 3 15 -  97.7 
  
35.1 97 [28] 
Red 120 Fe-ZSM-5 10 3 0.1 -  - 98 - [29] 
Phenol Fe/Faujasite Y 
zeolite 
0.8-88 
mg/L 
5.5 1 g/L 0.007    100   [65] 
P-nitrophenol ACFA 25 3 5.5 mM/L 5  85.6 - - [69] 
  
Methylene Blue Kiesel-
guhr/Fe2O3/TiO2 
2.9×10-5 3 2 13.7  - - 65.5 [70] 
  
Bisphenol A Fe-GS 100 3 20 530 mg/L  40   65 [71] 
N, N-diethyl-p-
phenyl diamine 
Cu/Fe-SBA-15 100 3.1 10 8  83 
  
  80 [41] 
  
Phenol Fe-Cu allophane 5×10-5M 3 - 3.5  80 - - [72] 
Crystal violet Fe/Clay 0.02 g/L 7 0.75 2  99 
  
99 - [73] 
Orange II FeCl3 and 
K4[Fe(CN)6] 
0.2 mM/L 3 6.5 g/L 9    100 60 [74] 
  
Astrazon Blue Fe/ACs 828 mg 
O2/L 
3 1.76 g/L 3.52  35.5 62.7 39.9 [75] 
Coking 
wastewater 
Cu/Fe/ TiO2/Al2O3 - - 1 g/L 14.68  65 - 68 [76] 
Congo Red dye Cu/zeolite Y 0.143 
mM 
7 1 g/L 52.24 
mM 
 93.58 95.34 79.52 [77] 
  
Acid Red B Fe2O3/ACF 100 3 175 334 mg/L  - 100 43 [42] 
Clofibric acid Pd/FeOOH 25 3.3 2 g/L 0.5  - - 82 [78] 
Phenol Fe2O3/Al2O3 5 g/L 2 1.8 g/L 0.54  - - 80 [79] 
Phenol Fe2O3/γ-Al2O3 1 g/L 4.5 2.5 g/L 0.15 
mol/L 
 92 - - [80] 
P-nitrophenol CuO/Al2O3 50 6 4 25  - - 68 [81] 
Acid scarlet 3R CuO/SiO2 0.4 g/L 3.5 6 g/L 34  90 97 - [82] 
Table 1. Catalyst prepared by WI method, optimum conditions and their performances 
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Pollutants  
treated 
Catalyst used in 
WI method 
Optimum Conditions  
Maximum 
% Degradation  
Ref. Initial 
Conc. 
(ppm) 
pH 
Catalyst 
dose 
(ppm) 
H2O2 
(mM) 
 
COD 
(%) 
Color 
(%) 
TOC 
(%) 
 4-chlorophenol Fe/OMC 100 3 40 6.6  96.1   47.4 [24] 
Black 5 dye Fe/RHA 100 3 0.5 g/L 4  59.71 89.18   [83] 
Reactive Black 5 Fe-AN 50 2.5 1 16  - 99 - [84] 
6-Nitryl 
wastewater 
Fe-Cu-Y 12610 
mg/L 
7 7.5 3 mL  97 - - [85] 
Diisopropanola-
mine (DIPA) 
Fe/TiO2 100 1.77 - -  80 - - [86] 
Acid Green 25 Fe-IC 50 mg/L 3 1.25 6.7  - 95 - [87] 
Reactive black 5 Fe-areca nut 50 mg/L 2.5 1 16  - 99 - [84] 
Methyl orange NdFeB-AC-FC 20 mg/L 3 10 g/L 0.6  97.8 - - [88] 
Rhodamine B and 
4-nitrophenol 
GO–Fe2O3 100 2 0.2 g/L 10  - 99 76 [43] 
Phenol Fe/clinoptilolite 100 mg/L 3.5 5 5.876 
mm 
 70 - - [89] 
Phenol Fe/NH4Y 100 mg/L - 1 1.65 g/L  - 96 - [90] 
4‑Chlorophenol Fe3O4/CeO2 0.78 mM 3 2 g/L 30 mm    95 4-
CP 
66 [91] 
fparaquat Modified activat-
ed carbon 
25 mg/L 3 1 12.5  92 - - [92] 
2,4-dichlorophenol Fe/SBA-15 100 mg/L 3 0.05 g 1 g/L  - - 60 [93] 
Polyacrylamide Fe(III)–SiO2 100 mg/L 6.8 1.0 g/L 200 mg/L    94 
PAM 
60 [46] 
Phenol Clinoptilolite 
zeolite 
100 mg/L 3.25 15 g/L 20 mg/L  91.6 98 
phenol 
- [23] 
Orange G Fe3O4/CeO2 50 mg/L 2.5 2 26 mM  - 98.2 
OG 
- [94] 
Sulfamethazine Fe3O4-Mn3O4/Gr 20 mg/L 3 0.5 g/L 6  - 98 smt - [95] 
2-chlorophenol Mesostructured 
silicananoparticle 
50 mg/L 5.11 0.40 g/L 0.14 mM  99.9 - - [96] 
Table 1. … (continued) 
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in this review to know about the efficiency of 
the different processes with different paramet-
ric conditions. 
 
2. Catalyst: Types of Synthesis 
2.1 Wet Impregnation Method 
Wet impregnation (WI), also called dry im-
pregnation or capillary impregnation is a fre-
quently used method for the synthesis of heter-
ogeneous catalysts. In this technique, the metal 
precursor is dissolved in an aqueous solution. 
Then the same pore volume of metal-containing 
solution is added into a catalyst support. Due 
to capillary action, solution goes into the pores. 
After this, drying and calcinations are done to 
remove the volatile component. It is a process 
of enhancement of dispersion of active phase on 
support [36]. Figure 3 (a and b) demonstrates 
the flow diagram of WI method and possible 
processes. 
Garcia et al. studied the catalyst prepara-
tion from Rose stems impregnated with iron ox-
ide by wet impregnation method and found the 
excellent surface area. Significant color 
(98.33%) was removed only in 20 min with 3% 
wt of Fe [64]. Alam et al. reported that the syn-
thesis of Fe3+/Cu2+ over ZnO can be utilized for 
the degradation of Rhodamine B (RhB),            
4-nitrophenol (4-NP) and Paracetamol. The 
prepared catalyst is very sensitive to visible 
light but the iron grafted ZnO exhibited higher 
activity than copper grafted zinc oxide [37]. 
Faujasite Y zeolite impregnated with Fe3+ 
showed excellent potential to degrade micro-
pollutants like carbamazepine, bisphenol A, 
clarithromycin, carbamazepine-10,11-epoxide, 
triclosan, diclofenac, PFOS, estrone, naproxen, 
ibuprofen, lidocaine, ketoprofen. The absence of 
a diffraction line (in XRD pattern) of iron oxide 
and zero modification found on the morphology 
of faujasite (in SEM images) were reported. 
This is due to the very low temperature used 
for the synthesis of catalyst [65]. Figure 4 (a) 
displays that Acid treatment is a comparative-
ly better option for the enhancement of catalyt-
ic activity or activation of catalyst (coal fly 
ash). Wang et al. recommended that the 12 h of 
impregnation is necessary for the good catalyst  
[66]. Material like activated carbon can be used 
as a modifier. With the use of the modifier, it 
will increase the catalytic efficiency by increas-
ing the pore volume. Figure 4 (b) shows the % 
removal of p-NP using a modified catalyst. In 
the wet impregnation method for the prepara-
tion of appropriate catalyst, the effect of calci-
nation and time have a significant role. For the 
making of a suitable catalyst, the calcinations 
temperature should be higher than 673 K and 
optimal time was measured as 12 hrs [65]. 
Some authors used special equipment for the 
preparation of catalyst like rotary evaporator 
device. Impregnation of iron nitrate and nano-
catalyst was employed in this device with cer-
tain temperature, pressure and time [67]. Ta-
ble 1  shows brief literature survey of previous 
research work in which catalyst was prepared 
by WI method.  
 
2.2 Hydrothermal Method 
Hydrothermal synthesis occurs with the in-
teraction between two solids under certain 
temperature and pressure. For the preparation 
of catalyst with the hydrothermal method, Tef-
lon lined autoclave reactor made of stainless 
steel is required. This method is generally used 
for the making of zeolites and mixed oxides 
when molecular sieves come contact to each 
other. Hydrothermal method has opened a 
marvelous hope for the synthesis of various di-
mensional catalysts with an array of mono-
dispersed pore size and redox properties [97]. 
Figure 5 depicts the procedure of the hydro-
thermal method for the synthesis of the cata-
lyst. Bian et al. studied this method and pre-
pared catalyst was used as a Surface-enhanced 
Raman scattering (SERS) substrate for the de-
tection and decolorization of RG6 through pho-
to-Fenton catalytic method. SERS is a suscepti-
ble, nondestructive and investigative instru-
ment which can sense analytes even a solitary 
particle [98]. In this study, nanorod arrays 
(CoFe2O4/Fe2O3) loaded with Ag was success-
fully fabricated on the carbon fiber cloth and 
that composite shows the bifunctional property 
(SERS) as well as a photo-Fenton catalyst [98]. 
Natural mineral (saprolite laterite ore) doped 
with multi-metal do not have the excellent pho-
tocatalytic activity, but it has good stability 
and recyclability performance. Most important 
Figure 5. Schematic diagram of catalyst prep-
aration method by hydrothermal synthesis. 
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Pollutants 
Treated   
Catalyst used in hydro-
thermal method   
Optimum Conditions  
Maximum 
% Degradation  
Ref.   Initial 
Conc. 
(mg/L) 
pH 
Catalyst 
dose 
(mg/L) 
H2O2 
(mM/L) 
 
CO
D 
(%) 
Color 
(%) 
TOC 
(%) 
p-
Hydroxybenzoic 
acid 
Fe/Pd-HNT 10-3 
mol/L 
3.1 0.1 g 0.12  52 - - [112] 
Rhodamine B 
(RhB) 
 V-MCM-41 0.02 
mmol/L 
3 4 g/L 4  - 55 - [113] 
Rhodamine 6G CuFeZSM-5 0.1 g/dm 3.4 0.15 g 40    100 51.8 [50] 
Orange II ZSM-5 0.05 
g/dm3 
3.5 0.15 g 40  81.2 99.7 - [114] 
methylene blue Fe5(PO4)4(OH)3.2H2O 100 mL 4 0.5 g/L 9.8  -   - [115] 
Phenol Fe8O8(OH)4.5(SO4)1.75 100 5 1 g/L 500 
mg/L 
 - - 98 [26] 
Methyl Orange TiO2/β-FeOOH 100 4.5 0.2 g/L 0.3 g/L  - 41.2 90.09 [116] 
RR195 Fe–Cr-MIL-101 100  ppm 5.5 300 136 
mg/L 
 - 98 - [117] 
dye pollution HPB Ba2Na2[HPWV 
4WVI 
8O40]·26H2O (BaNaPW) 
0.02 mM 2.5 14.6 6  - 95 - [99] 
Methylene blue Fe2O3@diatomite 20 3 0.05 g/L 90  - 99 - [59] 
methyl orange 
sulfamethoxa-
zole 
BFOs 3 3   16  - 99 99 [118] 
phenol (Fhy/MC) 100 5 0.5 g/L 30  94.2 - - [119] 
organic pollu-
tants 
CoS2/MWCNT 
CoS2 black 
0.112 
mM 
3 1 30  60 - 43 [120] 
Methyl Orange Fe–Mn/MCM-41 100 3.0±0.1 1 g/L 5  - 100 60 [121] 
Dyeing 
wastewater 
treatment 
MBC 100 3 0.1 g/100 
mL 
1 ml/L  47± 
3.3 
  
- 49 ± 
2.7 
[122] 
acid red G [a-Fe2O3] 50 2 1 g/L 30  62 98 - [101] 
benzophenone-3 CueMneO 2 7 100 1  81.5 - - [123] 
Bisphenol A Cu-doped AlPO4 25 7 1 g/L 10  92 - - [124] 
DDT Ni@Fe3O4 1 ppm 7 0.2 g/L 50  90 - - [125] 
methylene blue MnO2@SiO2 NFM 10 6 10 15 mL  - 95 - [126] 
Table 2. Catalyst prepared by HM method, optimum conditions and their respective performances. 
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Pollutants 
Treated   
Catalyst used in 
hydrothermal 
method    
 
Maximum 
% Degradation   
Ref.    
Optimum Conditions  
Initial 
Conc. 
(mg/L) 
pH 
Catalyst 
dose 
(mg/L) 
H2O2 
(mM/L) 
 
COD 
(%) 
Color 
(%) 
TOC 
(%) 
methyl orange MIL-100(Fe)/GO 50 3 0.5 g/L 8  - 98 38 [127] 
Reactive Black 5 rGO/MnO2 10 µm 5 20 6 mL  - 95 - [128] 
Rhodamine B Amorphous Fe-
Zn-
oxide/hydrochar 
10 6.5 0.5 g/L 10  - 96.2 - [105] 
Bisphenol A Cu/TUD-1 100 
ppm 
3.5 0.1 g 90  90.4 - - [45] 
Methyl Blue MnO2 nanorods 0.16 
mM 
6.7 1 g/L 1.45  - 100 - [129] 
Methyl Orange CuAl-LDH 20 7 20 0.5 mL  - 93.05 - [130] 
Methyl Blue Fe3O4/C/Cu 100 6.9 0.5 g/L 163.7  - 97.2 - [131] 
PFOA Pb-BFO/rGO 50 5 1 g/L 44 mg/L  - - 90 [132] 
BPA BiFeO3 30 5 1 g/L 44 mg/L  - - 94 [133] 
MB Fe3O4/SiO2/C 50 7.5 20 1 mL  68.62 96 - [134] 
MO Fe2O3/MoS2 20 7.5 10 0.4 mL  56 99 -  [135] 
MG & RhB CuSe 20 mL - 10 1 mL  - 96 - [136] 
Refactory Pollu-
tants 
DCAS Ns 23 7 1 g/L 10  - 92.5 73.5 [137] 
C6H5OH Cu-SBA-5 100 8 1 g/L 0.05 
mol/L 
 100   66.9 [138] 
MB MnSNTs 50 ppm 2-3 20 10 mL  - 98.1 - [139] 
MB CNTs/ 
Beta-FeOOH 
80 4.5 0.4 g/L 0.3 g/L  - 88.9 - [140] 
RhB Bi25FeO40 80 4.2-4.4 0.08 g 1 mL  - 98 - [141] 
BPA d-TiCuAl-SiO2 
Ns 
23 7 0.8 g/L 12  - - 60-90 [142] 
MB Co3O4 10 ppm 7 1 mg 1 mL  - 100 - [143] 
Table 2. … (continued) 
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Pollutants  
Treated   
Catalyst used in 
sol-gel method   
Optimum Conditions  
Maximum 
% Degradation  
Ref.   Initial 
Conc. 
(ppm) 
pH 
Catalyst 
dose 
(ppm) 
H2O2 
(mM) 
 
COD 
(%) 
Color 
(%) 
TOC 
(%) 
organic Solid 100 6.5 100 20 mL  80 - - [148] 
phenol Fe2O3-ZrO2 100 7 0.8 g/L 112  - - 56 [18] 
  
bisphenol N-BFO nanoparti-
cles 
30 5.5 0.25 
mmol/L 
10  94 - - [144] 
Rhodamine B Cu-embedded mes-
oporous alumina 
10 ppm 5.14 1 g/L 1000 
ppm 
 98.53 - - [21] 
Paracetamol five Fe-carbon 
xerogels 
50 6.2-
6.4 
100 13.8  90 - 50 [10] 
Tetracycline Fe3O4@void@TiO2 40 3 0.25 g/L 0.377 M  - 75 - [12] 
Sulfide and phe-
nolic 
compounds 
CuO/CeO2 250 3.5 1 g/L 1238 
mg/L 
 76 - - [19] 
Antibiotics Fe2O3, TiO2 and 
Fe2O3–TiO2 
10 2.8 2 2.5  79 - 55 [13] 
Phenol Fe2O3/SiO2 1 g/L 2.7 5 g 2.55 g/L  100 - 60 [149] 
Rhodamine B 
dye 
iron molybdate 10 - 1 g/L 40  - 97 - [30] 
2- 
Chlorophenol 
metal-doped BFO 
MNPsv 
50 5.5 0.04 g 10  100 - 73 [150] 
acid orange II Fe-doped TiO2 20 4 0.5 g/L 0.04 
mol/L 
 - 99 -- [7] 
Electrochemical 
nitrate 
novel Co3O4/Ti 
cathode 
100 7 50 mg/L 0.05 
mol/L 
 Nitro-
gen-85 
- - [151] 
methyl blue Fe-GMCA 10 
mg/mL 
3 0.02 g   
  
- 
 - 99 - [20] 
sulfamethoxa-
zole 
Magnetic carbon 
xerogels 
50 µg/L 3 80 500 mg/L  - - 42 [152] 
toluene Ba-doping in 
BiFeO3 
100 5.5 40 0.6-65  85 - 94 [153] 
methyl orange TiO2/Fe3O4 100 6.5 100 0.4  - 88 - [148] 
Glycerol CuFe2O4 68.4 
mM 
0.1 
g/L 
5 g/L 819.5  Degra-
dation- 
40 
- - [154] 
2-chlorophenol mesostructured 
silica nanoparticles 
50 5 0.4 g/L 0.156  99.9 - - [96] 
Orange I Fe–B 0.2 mM 3 0.5 g/L 10  - - 75 [155] 
Table 3. Catalyst prepared by SG method, optimum conditions and their achievements. 
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part of this study is that the leaching solution 
can be taken as a precursor solution for the 
synthesis of catalyst [58]. Similarly, HPB-3D 
inorganic heteropoly blue [99], MnO2-templated 
iron oxide-coated diatomite [59], magnetic g-
C3N4/a-Fe2O3/Fe3O4 composite [100], burger-
like a-Fe2O3 catalyst [101], 3D hierarchical 
nanostructured hematite (Fe2O3) [102], 
MoS2/Fe3O4 nano composite [56], Mixed a-
Fe2O3/Bi2WO6 oxides [103], Fe2O3/expanded 
perlite (Fe2O3-Ep) composite catalyst [104], Fe-
Zn-oxide/hydrochar [105], Ag3PO4/CuO compo-
sites [106], zinc oxide decorated iron ox-
ide/reduced graphene oxide nanocomposite 
[107], Cu-doped LaFeO3 [108], Fe(III)-
tartrate/TiO2 nano tubular [109], Fe3O4-GO 
nano composite [27], ZnFe2O4 nanostructures 
[110], BiFeO3–g-C3N4 compound [55] were pre-
pared by the hydrothermal method and used as 
photocatalysts. Recently, some researchers in-
vestigated that the metal doped Fe2O3 catalyst 
has good stability and potential to enhance the 
photo degradation [111]. Table 2 shows the 
brief literature survey of previous research 
work in which catalyst was prepared by hydro-
thermal method (HM) method. 
 
2.3 Sol-gel Method 
Sol-gel is the second largest method  used 
for the preparation of xerogels or aerogels. Sol 
is a colloidal suspension of solid particles in a 
solution with the particle range from nm to µm 
size. Gel is defined as the solid surrounded by 
liquid. In the first step for the synthesis of cata-
lyst monomer, metallic oxide reacts with water 
and produce a polymeric gel which is consid-
ered as an oxide gel. Then in the second step, 
condensation occur which forms gel by dehy-
dration and create a Metal-O-Metal bond. The 
third step is a formation of a gel by drying or 
aging which produces a cross-linked gel. Dur-
ing the progress of gel formation, viscosity also 
increases till the sol-gel transition point. Then 
with further increase in viscosity in cross-
linking results in maximum density which oc-
curs by aging and drying. The role of pH is 
very important in the synthesis process be-
cause lower value of the same parameter gives 
a lower cross-linking substance. Similarly, ag-
ing, temperature, water alkoxide ratio, alkyl 
group (length, molecular weight) and oxidation 
state are also important parameters. One of 
the parameters is gel structure which com-
pletely depends on hydroxyl group present in 
the gel after drying.  Figure 6 displays the fun-
damental phenomena of the sol-gel process. 
Alhmoud et al. investigated that mixed     
oxide containing iron has great efficacy to de-
grade phenol and their derivatives 
[2,18,19,144,145]. The author used different 
metals and synthesized catalyst by sol-gel 
method for example: CuFe1.2O2.8, BaFe7.2O11.8, 
B a F e 7 . 2 C u 2 O 1 3 . 8 ,  B a F e 5 . 4 V 3 O 1 6 . 6 , 
BaFe4.8Cu2V3O17.7, and Ag2Fe5.4V3O16.6. In addi-
tion, it was also found that catalytic activity 
was suppressed with the increase of tempera-
ture [17]. Another researcher developed a cata-
lyst rGO-Fe3O4-TiO2 with a ratio of 1:1:2 and 
about 99% of dye was degraded in only 6 
minutes [4]. Similarly, many scientists worked 
with the prepared catalyst by sol-gel method 
for degradation of dye like Rhodamine B and 
Cu-Embedded Alumina [21], acid orange-II and 
Fe-doped TiO2 [7], methylene blue dye and Ag-
SiO2@-Fe2O3 [146], Orange G and 
TiO2/stainless steel mesh photo-electrode [147], 
methyl orange and TiO2/Fe3O4 [148]. Table 3 
shows the brief literature survey of previous 
Parameters Effects on crystal 
pH Phase 
Solution composition 
Phase, purity, precipitation 
composition 
Aging 
Purity, crystallinity, textur-
al properties 
Additives Textural properties 
Temperature Phase, textural properties 
Mixing sequence 
Precipitate composition, 
homogeneity 
Solvent 
Textural properties, crystal-
linity 
Super saturation 
Particle size, rate of precipi-
tation 
Precipitating agent Phase, homogeneity 
Anion 
Morphology, textural prop-
erties 
Table 4. Precipitation parameters and their 
effects on seeding [2]. 
Figure 6. The basic phenomena of the sol-gel 
process. 
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Pollutant Treated   
Catalyst used in 
precipitation and 
co-precipitation 
method   
Optimum Conditions  
Maximum 
% Degradation 
Ref.   
Initial 
Conc. 
(ppm) 
pH 
Catalyst 
dose 
(ppm) 
H2O2 
(mM) 
 
COD 
(%) 
Color (%) 
TOC 
(%) 
NiZn Fe/L 1 mM 7 174 10  67 - 100 [169] 
Thallium FeSO4·7H2O 500 µm 2.5 21.58 53.96  96.54 - 70.42 [170] 
Methyl Orange Fe3O4/MWCNTs 50 2 2 g/L 19.38  - - - [159] 
Methylene Blue MFe2O4 10 - 100 4 mL  - 99.5 - [157] 
Acid orange 7 K-FeOx-2/2-3H 25 3 3 g/L 5  -- 80 - [171] 
Organic Pollutant Fe2GeS4 20 7 0.3 g/L 50  74.2 MO=66.2 
MB=56.3 
- [172] 
4-Bromophenol Se-doped CuO 
NPs 
0.2 - 10 0.038 M  99.5 - - [63] 
Humic acids (HAs) ferrioxalate com-
plexes 
100 2.8 40 42  HA 95 - - [173] 
Chlordimeform 
insecticide 
Fe3O4-Cs 37.5 3 0.5 0.104±0.001  - - 80 [62] 
Methyl Orange 
Sulfamethoxazole 
BFO/H2O2/PMS 3 mg/L 3 0.12 g/L 40  - 99 99 [118] 
Sulfate SBR 200 mL 2 8 mM/L 40  77.9 - - [174] 
Benzophenone-3 
(BP-3) 
CueMneO 2 7 100 40  81.5 - - [123] 
Phenol 
  
NiFe2O4 250 3 2 g/L 120  95±3.4 - - [175] 
RhB 
  
Fe3O4/Al-B 40 3 1 g/L 50  RhB 99.9 - - [168] 
Phenol 
p-Nitrophenol 
Fe3O4/MWCNT 100 3 1 10  99.20 - - [167] 
SDBS ZVI 60 6 2 g/L -  - - 77.8 [176] 
Alkalinity 
Ammonium nitro-
gen 
Fe2+ 100 2.8 60 120  58 DOC=60 
TSS=88 
- [177] 
Congo red Cobalt–copper 
oxalate 
100 7 100 100 mg/L  - 100 - [166] 
levofloxacin ferrioxalate com-
plexes 
20 5 2 20 mg/L  DOC=86 
LEV=71 
- - [178] 
Methyl orange NiFe(C2O4)x 20 3-
10 
0.4 g/L 10  - 98 - [165] 
catechol Fe3O4-CeO2 10 mM 2.4 50 30  89.2 - - [164] 
Reactive Black 5 modified 
cigarette filter 
(MCF) 
50 3 1 g/L 100 mg/L  - 99.09 - [179] 
Enrofloxacin Fe2+ 100 2-3 28.3 738 mg/L  - - > 58 [180] 
Table 5. Catalyst prepared by (PPT and CO-PPT) method, optimum condition and their achievements. 
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Pollutant Treated   
Catalyst used in 
precipitation 
and co-
precipitation 
method   
Optimum Conditions  
Maximum 
% Degradation 
Ref.   Initial 
Conc. 
(ppm) 
pH 
Catalyst 
dose 
(ppm) 
H2O2 
(mM) 
 
COD 
(%) 
Color 
(%) 
TOC 
(%) 
Methylene blue 
Rhodamine B 
La-Fe MMT 100 Neu
tral 
0.1 g/L 30  75 MB=97 
RhB=96 
- [163] 
Dye diato-
mite/Fe2O3/TiO2 
2.9×10-5 7 2 g/L 210 µL  - 96 - [162] 
nitrobenzene Co-Fe LDH 20 µL 2.7 1 g/L 500 
mg/L 
 Nitro-
benzene 
100 
- 75 [161] 
Reactive Yellow 15 Fe/CuO   2 4 g/L 50  - 98 - [160] 
Micropollutants Fe2+ 100 3.72 1,755 26,422 
mg/L 
 54 - Mi-
cropollu
tants=9
0-99% 
[181] 
p-arsanilic acid (p-
ASA) 
Fe2+ 10 3 0.53 
mM/L 
2.12  p-
ASA=100
% 
- - [182] 
Phenol Fe3O4-GO 20 5 0.25 g/L 10  98.8 - 81.3 [27] 
Methyl Orange Fe3O4@HG 10 3.5 3 1.2 mL  - 87.68 - [183] 
Methylene Blue BaFe12O19 10 - 0.75 g/L 12  - 70.8 Mineral-
ization=
63.7% 
[184] 
reactive brilliant 
blue 
Fe-Mn-sepiolite 50 2.5 0.4 g 3 mL  - - 91.98 [185] 
glycerin Fe2+-HA 
Fe2+-BQ 
100 3 5 mM/L 
  
50  - - 90 [186] 
beverage industrial 
effluent 
Fe(II)/PS 500 2.9 375 4000 
mg/L 
 Mineral= 
76 
- 93 [187] 
Orange II Fe3O4/Al-Fe-P-B 0.23 
mM/L 
4 1 g/L 1  92.2 99.3 - [188] 
2,4,5-
trichlorophenoxya-
cetic acid 
cLDHs 100 3.8 4 g/L 2.73  - - 80-95 [189] 
cibacron brilliant 
red 3B-A (BR3B-A) 
Fe78Si9B13 0.02 mM 2.5 14.6 mg 6  - 100 - [99] 
BPA Fe3O4 -TA 
  
0.5 µM 6.6 1 g/L 10  BPA=80
% 
  
- - [190] 
Sludge MFeNp 100 mL 3 50 mg/g 500 
mg/g 
 Sludge= 
85.9 % 
  
- - [191] 
Table 5. … (continued). 
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research work in which catalyst was prepared 
by sol-gel (SG) method. 
 
2.4 Precipitation and Co-precipitation Method 
Two basic things of precipitation are nuclea-
tion and growth. When high supersaturation is 
achieved then nucleation comes into the picture 
(formation of solid crystal) and growth means 
approaching an equilibrium state with the new 
phase. Formed crystal could be homogeneous or 
heterogeneous. Homogeneous nucleation occurs 
when molecules interact with each other with 
the same phase under supersaturation condi-
tion and irreversible crystal is formed while in 
heterogeneous nucleation. For the successful 
precipitation, some necessary parameters 
should be controlled like initial pH, pH varia-
tion during the process, the rate of addition of 
solution, order, types of mixing, maturation etc. 
Due to its simple nature and cost-effectiveness, 
this method is the most used all over the world. 
Few disadvantages are product separation af-
ter precipitation, higher salt amount present in 
solution, etc. [97]. 
In the co-precipitation method, two different 
ions (cation and anion) are associated with a 
fixed composition. If the same ions interact, 
then characteristic (solubility constant and su-
persaturation value) and properties of formed 
seed will also change with time. For the prepa-
ration of mixed oxide, solubility is a very im-
portant factor in the case of co-precipitation. 
Similar to precipitation, in the co-precipitation 
also pH has a great role. There are two meth-
ods for seeding by the co-precipitation method: 
a) constant pH method, and b) variable pH 
method during the process. Stirring can also 
change the property of crystal in the precipita-
tion. Parameters and their effects on crystal 
are listed in Table 4 [97]. 
Vinosha et al. investigated the effect of dif-
ferent pH (9-12) on crystal formation in terms 
of structure, optical and magnetic properties of 
CoFe2O4 nanoparticle which was prepared by 
co-precipitation method. Authors also investi-
gated that the prepared catalyst will be much 
effective in the Fenton process using meth-
ylene blue as a model pollutant [61]. Selenium 
has a photo absorption property and the great 
efficiency to improve the in-situ generation of 
hydroxyl radical. Sharma & Dutta synthesized 
the catalyst using selenium and studied their 
optical, morphological and structural proper-
ties of Se-doped CuO NPs nanoparticles [63]. 
Gan et al. prepared a catalyst by oxidation, re-
duction and co-precipitation, and that catalyst 
exhibits great catalytic ability and efficient re-
usability performance [94]. The researchers 
studied the application of prepared catalyst by 
precipitation and co-precipitation method in 
the various field like color removal and recalci-
trant organic compound degradation. Some   
examples of dye as model pollutant, and pre-
pared catalyst are Ni1-xZnxFe2O4 and meth-
ylene blue [156-158], methyl orange and 
Fe3O4/MWCNTs nanocomposites  [159], Reac-
tive Yellow 15 and Fe/CuO catalyst [160], ni-
trobenzene and Co-Fe layered double hydrox-
ide (Co-Fe LDH) [161], methylene blue and 
Magnetic diatomite (Kieselguhr)/Fe2O3/TiO2 
composite [162], RhB and methylene blue (MB) 
Shape Figure Properties 
Sphere 
 
Low manufacturing costs 
The relatively high-pressure drop 
Large diffusion length HDS, Methanation 
Granules 
 
Not common, Low-surface-area catalysts Ammonia 
Synthesis, Formaldehyde 
Pellets 
 
Regular shape; Most common 
Good strength. CO shift Hydrogenation 
Extrudates cylinder 
 
Low-pressure drop; Poor strength HDS 
Ring 
 
High strength; Low-pressure drop 
Small diffusion length. Steam Reforming 
Monoliths ceramics 
 
Low pressure drop; Insensitive to dust; Small diffusion 
length Exhaust gas cleaning 
Table 6. The possible structure of matter and their properties. 
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and  La-Fe montmorillonite (La-Fe MMT) 
[163], orange G and Fe3O4/CeO2 composite [94], 
catechol and Fe3O4-CeO2 metal oxide [164], me-
thyl orange and Ni-Fe(C2O4)x [165], Rhodamine 
B dye and Iron molybdate Fe2(MoO4)3 na-
nopowders [30], congo red and cobalt-copper ox-
alate and cobalt oxalate nanofibers [166], Phe-
nol and Fe3O4/MWCNT [167], rhodamine B 
(RhB) and Al pillared bentonite-Fe3O4 nano-
composites (Fe3O4/Al-B) [168]. Table 5 shows 
the brief literature survey of previous research 
work in which catalyst was prepared by precip-
itation and co-precipitation (PPT and CO-PPT) 
method. 
 
3. Modification and Application of Modi-
fied Catalyst in the Fenton Process 
Modified Fenton's catalyst (MFC) is directly 
related with the Fenton's chemistry. British 
chemist Henry J.H. Fenton first established 
the use of Fenton's chemistry (1894), through 
the degradation of tartaric acid by the use of 
iron, hydrogen peroxide under acidic condi-
tions. MFC process was developed to overcome 
the application of Fenton's reagent in its con-
ventional form (such as: acidic pH, iron leach-
ing, sludge formation, reusability, etc.). The 
main aim of modification of Fenton’s catalyst is 
to stop iron leaching and chelating. To prevent 
pH fluctuation during process, modification of 
Fenton’s catalyst can be done at normal pH of 
5-7. Chelated catalyst has a better attraction 
towards the iron compared with other metals, 
hence the iron loss is negligible. The fundamen-
tal Fenton reaction is between Fe2+ and hydro-
gen peroxide and produces hydroxyl radical 
(•OH), Fe3+, and OH-. Modified Fenton’s pro-
cesses produce superoxide radical anion (O2•-) 
or hydroperoxyl ion (HO2-) which endorses the 
chemical reaction. Similar to hydroxyl radical, 
superoxide and hydroperoxide anions are also 
responsible for the oxidation and adsorption 
[192].  
To enhance the catalytic efficiency, many 
researchers have been working on the modifi-
cation of catalyst. Reyes et al. used two differ-
ent ligand-based iron complex and compared 
their efficiency with the Fenton process. They 
found that modified Fenton’s reagent is more 
efficient (at neutral pH) than simple Fenton re-
action (at low pH) [193]. Textile effluent con-
tains dye, surfactants, additives, and hazard-
ous matter. Darshna & Yogesh used fly ash 
along with iron dust instead of iron salt for the 
degradation of color and chemical oxygen de-
mand (COD) and got significant results [194]. 
Jennifer et al. employed a novel technique, ro-
tating disk-slurry electrode (iron salt on the 
electrode and activated carbon) for the prepa-
ration of catalyst and examined their perfor-
mance [195]. Mansoorian et al. studied both 
the process (Fenton and modified Fenton) for 
the dye decolorization with the same operating 
parameters and observed that modified Fen-
ton’s reagent is more efficient [196]. Similarly, 
Ganesan et al. (decolorization of textile dyeing) 
[197], Lewis et al. (degradation of trichloroeth-
ylene) [198], Wang et al. (degradation of p-
nitrophenol) [66], Lee et al. (Degradation of 
phenol) [199], Barbusinski et al. (decolorization 
of dye wastewater) [194], Zhao et al. (removal 
of textile dyes) [200], Pradisty et al. 
(degradation of phenol) [201], Tony et al., 
(mineralization of an oil-water emulsion) [202], 
Sadek et al. (the treatment of effluents from 
paint industry) investigated on modified Fen-
ton’s reagent [67]. 
 
3.1 Physical Modification 
The physical modification is directly con-
cerned with the study of morphology. The term 
morphology is related to the shape, structure, 
and form of material. The main aim of modifi-
cation of the catalyst is to enhance their cata-
lytic activity. The shape of any matter could be 
z e r o - d i m e n s i o n a l ,  1 - d i m e n s i o n a l ,                      
2-dimensional, or multidimensional. Figure 7 
shows the various dimension and their ex-
pected properties. Similarly, the matter could 
be of various type shapes like a sphere, pellet, 
ring, monolith, wagon wheel, monolith, extrud-
ed cylindrical, gauzes, etc. Table 6 shows the 
various shape and their properties. 
Figure 7. Various dimension and their ex-
pected properties [203] (Reprinted with permis-
sion from Ref. [203] copyright from Elsevier). 
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Lee et al. reviewed especially on the modifi-
cation of TiO2 including metal, carbon or non-
carbon material incorporated. Photocatalytic 
activity can be enhanced by the optimization of 
structure and size of the matter. The shape of 
TiO2 catalyst with nanoscale can increase the 
adsorption capacity which is very helpful to the 
wastewater treatment, particular in Fenton’s 
process. In addition, photocatalytic perfor-
mance gets affected on the surface of TiO2 dom-
inant behavior of the e-/h+. Compared to the un-
modified catalyst, modified catalyst showed the 
diversity of photocatalyst characteristics and 
significant catalytic activity performance. Simi-
larly, compared to particle form, nanotube 
structure TiO2 exhibits great potential to de-
grade recalcitrant organic compound and min-
eralize them into the non-toxic compounds. 
Nano-sized materials have the high specific ar-
ea, ability to charge separation on the catalyst 
surface, enhanced oxidative property along 
with opacity, but directly this cannot be applied 
in wastewater treatment due to the aggrega-
tion of nano-particle [203]. Apart from the tita-
nium, ferrite spinel has also excellent potential 
in the field of advanced oxidation technology. 
Ferrite spinel consists mostly of divalent ion 
which is distributed in the cubic close packing 
of tetrahedral or octahedral coordination sites. 
Catalytic performance is directly related to the 
oxidation and reduction property and distribu-
tion of metal ion on the configuration [204]. In 
similar way, metal ion ligand also has efficacy 
to convert H2O2 to hydroxyl ion due to the elec-
tron transfer mechanism in Fenton’s reaction. 
Lee et al. tried to modify the surface of WO3 
with iron, platinum, Nafion, and combination 
of these. The authors found the best combina-
tion to degrade the 4-chlorophenol was 
WO3/Fe(III)/H2O2 system [205]. 
 
3.2 Chemical Modification 
Chemical modification (doping) is nothing 
but the addition of impurities, either it can be 
metal, non-metal, cation or anion to nano-
material in order to enhance their potential 
and efficiency. The general importance of any 
nanomaterial lies in its good optical behavior. 
So, this property can be achieved by shifting of 
band gap from the ultraviolet region to the op-
tical region and narrowing of band gap can be 
done by the doping. The main aim of doping is 
to increase the electrical and optical properties. 
Doping is the only method by which we can 
change the composition of nanocatalyst. Dop-
ing alters the morphological, magnetic, optical, 
structural and electrical properties of nano 
photocatalyst and also enhances the potential. 
Three types of doping are displayed in Figure 
8. More than 40% of the photon comes under 
the visible light range covering large band ar-
ea. The direct application of nanomaterial is 
quite impossible due to the activation of nano-
material in the UV region. In this situation, a 
nonmetal comes into the picture to support the 
absorption capacity of nanocatalyst. Nonmetal 
co-doping has also synergistic advantages like 
Figure 8. Different types of doping. Figure 9. Various doping techniques. 
Figure 10. The insignificant doping. Ce or La was used as a doping material (Reprinted with permis-
sion from Ref. [206] copyright from RSC Advances). 
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high visible responses, charge separation, etc. 
[3]. Various techniques for doping are shown in 
Figure 9. Sol-gel and hydrothermal method 
have already been discussed in the previous 
section. 
In the solvothermal method, non-aqueous 
solvent can be applied and this is the only dif-
ference between hydrothermal and solvother-
mal methods. The higher temperature is used 
in solvothermal method compared with the hy-
drothermal method and it’s a one of the major 
advantages of this process. Direct oxidation 
method is mostly applicable in the field of the 
fuel cell. Ultrasound has a great potential to 
the synthesis of high surface area nanomateri-
al. A small amount of doping is not that much 
significant as shown in Figure 10 [206]. Doping 
techniques cover the major area to prepare na-
nomaterial but it is not discussed  in details 
here. 
 
4. Factors Affecting the Synthesis of Cata-
lyst 
In this section, the effect of parameters, like 
pH, calcination, and modification during cata-
lyst synthesis and in treatment processes, will 
be discussed. 
 
4.1 Effect of pH 
For the synthesis of catalyst, some research-
ers used acid medium and some researchers 
used alkali. It depends on the method of prepa-
ration and in precipitation method alkali medi-
um is used. It can be judged by taking modifier 
or activator. Wang et al. demonstrated that ac-
id modified catalyst is more efficient than alka-
li [66]. They investigated that during the acid 
wash, alkaline catalyst gets neutralized by acid 
and also observed the increased surface area 
and pore volume, i.e. higher exposed area for 
catalytic reaction. But in case of alkali modifi-
cation, crystal structure is damaged due to the 
elemental disturbance in the catalyst. The al-
kaline catalyst increase the pH of wastewater 
which could also create some problem during 
the treatment of wastewater. Therefore, it is 
concluded that acid washing is an efficient pro-
cess to increase the capacity of catalyst [68]. 
Liang et al. studied the effect of the precursor 
pH on catalyst structure as well as on photo-
catalytic performance. They found that pH is 
responsible to change morphology, structure, 
and property of catalyst. Less pH has strong 
visible light absorption capacity. Figure 11 (a) 
shows the influence of catalyst prepared at dif-
Figure 11. (a) The effect of different pH on the degradation of Orange II [207] (b) Catalytic perfor-
mance of heterogeneous catalyst at different pH (Reprinted with permission from Ref. [209] copy-
right from RSC Advances). 
Figure 12. The synthesis of the catalyst at 
varying pH at different time by precipitation 
method [208] (Reprinted with permission from 
Ref. [208] copyright from RSC Advances). 
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ferent pH on degradation of Orange II by pho-
tocatalytic activity. Catalyst prepared at pH 2 
exhibits higher degradation in lesser time as 
shown in Figure 11 (b) [206,207]. Huang et al. 
demonstrated that change in characteristics of 
the catalyst with a variation of pH at different 
times as shown in Figure 12. They found that 
with the increase of pH and time, color shifted 
from light yellow to yellow after 12 hours. pH 
can also affect the initiation, promotion, inhibi-
tion and direct reaction rate constant of any 
treatment processes [208,209]. Microscopic re-
sults showed that acidic medium can produce 
the smooth and regular structure. With the in-
crease of pH, the size of the particle also in-
creases, but in basic medium size gets de-
creased [105]. 
 
4.2. Effect of Calcinations 
In this section, the effect of temperature on 
catalyst properties as well as on treatment pro-
cesses are discussed. Morphology, structure, 
crystallinity and surface area are significantly 
affected with the increase in temperature.  
In case of TiO2 nanopowder, anatase phase 
powder was obtained in the temperature range 
of 250-500 °C, while above 600 °C rutile phase 
powder was formed. But with the increase in 
temperature, surface area gets decreased. Ana-
tase and rutile phase showed the different re-
sult in size distribution. The size of anatase 
phase powder was increased with the higher 
calcinations temperature, but in the case of ru-
tile phase, size got increased very slightly 
[210,211]. Up to 300 °C, there is no change in 
structure, crystallinity, and morphology. Crys-
tallinity enhancement and impurities removal 
occur when calcinations temperature of materi-
al was increased to more than 300 °C. Due to 
this, photocatalytic activity is also increased 
[212]. 
The calcinations influence the reusability 
and hydrogenation capability of catalyst [213]. 
Zhang et al. investigated phenol degradation 
through the different calcined catalyst. In the 
range 400-600 °C, catalytic performance was 
decreased due to the damage of internal voids. 
As a result, the availability of active sites be-
comes very less and decreases the active mate-
rial in the solution. Therefore, it minimizes the 
degradation efficiency of the catalyst. Opti-
mized calcinations of catalyst improves the ad-
sorption capacity as well as increase the sur-
face area by removing the unstable stratifica-
tion [214]. Calcination is also responsible to 
maintain the rigidity. Wang et al. used three 
different temperatures to study the rigidity of 
metal coal fly ash. The optimized temperature 
was 723 K (Figure 13 (a)), as at this tempera-
ture pores have not been broken and along 
with that surface area was also increased with 
rigidity [66]. With the increase in calcinations 
temperature, evaporation occurs, gas produced 
and spread rapidly over the surface. As a re-
sult, removal of pollutant gets decreased which 
shows that the surface area and pore size get 
Figure 13. (a and b) The 3-dimensional view of the adsorptive and catalytic performance on the pol-
lutant removal, with respect to calcinations time and temperature [68] (Reprinted with permission 
from Ref. [68] copyright from RSC Advances). 
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affected. Therefore, adsorption capacity is de-
creased [68]. Figure 13 (b) displays catalytic 
performance at different calcination tempera-
ture. At low calcined catalyst, the stability of 
iron ion on the support material becomes weak 
and higher calcinations create a problem like 
loss of strengthening and uneven distribution 
of catalyst particles, etc.  
On similar way, Wang et al. also worked on 
the phenol degradation and hydrogen peroxide 
decomposition with varying temperature. Calci-
nations at 550 °C was observed as optimized 
value for the degradation as well as decomposi-
tion of H2O2. Iron gets dissolved with the in-
crease in temperature from 400 to 750 °C, 
0.698 to 0.149, respectively. Effect of calcina-
tion can also be seen from XRD pattern which 
corresponds to structural alteration during 
phase change [58]. 
 
4.3 Effect of Modifier 
Modifier plays a significant role on the prep-
aration of the catalyst. The modifier can change 
the size, structure, stability, activity and sur-
face area of the catalyst. There are various 
methods by which modifier can be applied in 
precipitation method, impregnation method, 
chemical vapor deposition method, hydrother-
mal method etc. It could be alkali metal, transi-
tion metal, zeolites or oxide form the element. 
Alipour et al. investigated that the addition of 
modifier decreases the surface area, but im-
proves the activity and stability of the catalyst 
[215]. With the modifier, effective photodegra-
dation efficiency was obtained compared to 
without modifier [216]. 
 
5. Characterization of Synthesized Cata-
lyst 
5.1 SEM Analysis 
Scanning Electron Microscopy (SEM) imag-
es tell about the surface morphology of material 
which gives an idea about the structure 
(porous-non-porous, glossy, honeycomb) and 
shape (spherical) [68,217]. The surface mor-
phology shows that all the constituents of the 
catalyst are distributed throughout without 
any major migration or phase segregation. The 
SEM images confirmed that pores are not sig-
nificant in the synthesized catalyst [289]. This 
is one kind of microscopic analysis, which pro-
vides direct visual and reliable images. Figure 
14 (a,b,c,d) is a demonstration of SEM images 
of iron-carbon xerogels with multi-dimensional 
and different sizes. Small incorporation of any 
other material and their effects can be visual-
ized in the same figure (Figure 14 (b)). In addi-
tion, it also shows the rare or denser structure, 
smaller and larger particle size can also be 
seen when some new materials are added 
(Figure 14. c). Figure 14 (d) shows the image 
after polymerization which is highly dense and 
cross-linked structure [10]. 
Elemental analysis (atomic % and weight 
%) can be obtained when SEM connected with 
Energy Dispersive X-ray spectroscopy (EDX). 
EDX is also known as EDS, can be used to 
show or map one compound to another as 
shown in Figure 15 [7]. Generally, the magnifi-
cation of any material through SEM can be in 
the range of 105-106. For visualization of higher 
magnification, field emission-scanning electron 
microscopy (FESEM) is done. FESEM gives the 
knowledge of roughness or smoothness of mate-
rial or particle [68]. Ramli et al. [86] reported 
that the method of preparation of catalyst can 
also change the morphology as shown in Figure 
15 (d and e). 
 
5.2 XRD Analysis 
XRD is one of the most important instru-
ments to reveal the crystallographic infor-
mation. XRD analysis indicates the primary 
phase in the catalyst and the diffraction lines 
remain unchanged by the addition of impreg-
Figure 14. (a,b,c,d): The formation of iron-carbon xerogel [38]. The sizes of microbeads are 3µ and 
650-830 µ with respect to (a) and (b) (Reprinted with permission from Ref. [10] copyright from Else-
vier). 
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Figure 15. The red color showing iron (a) and yellow color showing is Titanium (b). Red color distrib-
uted over Titanium (c) [7]. Figure d and e illustrate the morphology of catalyst (Fe/TiO2) synthesized 
by wet impregnation and hydrothermal method respectively with 50×103 magnification (Reprinted 
with permission from Ref. [7] copyright from Elsevier). 
(a) (b) 
Figure 16. (a) The XRD pattern of the prepared catalyst by hydrothermal method. The black and red 
pattern shows the before and after calcination (550 °C for 2 h). Before calcination (black pattern) only 
four peaks were found at the angle of 30.1 (220), 35.5(311), 57.0(511), 62.6(440) and two more peaks. 
After calcination, a red pattern shows highly enhanced peaks [58]. (b) XRD patterns of fresh CuY 
zeolite with different loading [77]. Reprinted with permission from Ref. [77] copyright from Elsevier 
(Reprinted with permission from Ref. [58] copyright from Elsevier). 
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Wavenumber (cm-1) Characteristics and functional group References 
412-400, 597-615, 478 M-O [228,229] 
670 O-H [229] 
700-1300, 790 C-H bending vibration [105,127] 
875-750 C-H [230] 
919 N-O [231] 
1020, 1014 C-O stretching [229] 
1030 -OH [232] 
1051, 1117 Sulphate (SO42-) [233] 
1060 T-O (T= Si, Al) [234] 
1200, 1400 Si-O-Si [235] 
1211 C-O-C [236] 
1000-1450 C-O [230] 
1350 Stretching vibration of NO3- [237] 
1352 -NH [238] 
1384 C-N stretching [229] 
1396,1424-1429,1430 R-H, symmetric and asymmetric carboxyl 
group 
[227,232,239] 
1450 Benzene [240] 
1400,1650 H-OH bending vibration [235] 
1570 H-O-H absorption [61] 
1615-1580,1510-1450,1680-
1620,1633,1515-1520,1571 
C=C stretching [229,230,233,236,240] 
1635-1570 C=O [241] 
1618, 1563 Amide I and amide II [242] 
1630-1640, 1703 O-H bending vibration due to adsorbed 
water molecules at the catalyst surface 
[227] 
1647 C=N [231] 
1658, 1640-1650,1700,1680-
1687 
C=O [230,237,243,244] 
1731 Urethane [242] 
1739-1775 O-H stretching and bending vibration [227] 
2098 C≡N [245] 
2300 Isocyanate [242] 
2243 Nitrile [231] 
2800-3750 OH group [235] 
2839 Aliphatic C-H stretching vibration [233] 
2922, 3014, 
2940,2924,2847,2925 
Aromatic C-H stretching vibration [105,232,233,246] 
3400, 3420-3450, 3570, 3573-
3574,3777,3430 
O-H stretching and bending vibration [61,105,227,232] 
3700-3000 O-H, N-H, water molecule [231,239] 
Table 7. Wavenumber, characteristics and functional group of catalyst. 
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nants using co-precipitation method for prepa-
ration of any catalyst [289]. Scherrer equation 
is used for determining the crystals size. Some-
times XRD pattern is also utilized for the quan-
titative investigation and detection purposes 
[218,219]. X-ray diffraction is not only used for 
the identification of structural change during 
phase transformation, but also to check the pu-
rity and improvement of catalyst (as shown in 
Figure 16 (a) [58]. Some studies reported that 
due to coating or burning of carbon nanotubes, 
peak decreases and get broad [139]. Broaden-
ing of peaks shows poor crystallinity and non-
structural dimensions [220]. Broadening or dis-
appearing of peaks is due to the calcination of 
the sample. During calcination, catalyst is di-
rectly exposed to temperature and air, hence 
hydrolysis occurs and local sites gets affected. 
Few composites do show diffraction pattern or 
line which means that composite is in the 
amorphous state [221,222]. Due to the modifi-
cation of catalyst, either by acid treatment, al-
kali treatment, heat treatment [58,118] or met-
al loading [77], diffraction pattern changes. Au-
thors investigated that when copper loaded 
from 2.5 to 10 wt%, peaks decrease from 100% 
to 72% and less ordered structure are formed 
(as shown in Figure 16 (b)  [77]. Holding time is 
not much more significant to change the crystal 
structure during calcination reported by Hu & 
co-researchers [118,223]. Any catalyst prepared 
by different methods (wet impregnation, hydro-
thermal method, etc.) can alter the structure of 
catalyst which can be observed by change in 
peaks [86]. XRD also reveals the impurities 
present in the catalyst or unreacted molecule. 
For calculation of particle size through XRD 
pattern, following formula (Williamson formu-
la) can be used [224]: 
 
β cos θ / λ = 1/L + ε sin θ / λ          (1) 
 
where,  = full-width half maximum of diffrac-
tion peak, ε = strain, and L = crystalline size. 
 
5.3 FTIR Analysis 
The synthesized catalysts are examined us-
ing FTIR for the identification of interactions 
between the functional groups during catalyst 
preparation. Fourier transform infrared spec-
troscopy instrument is generally used to char-
acterize the catalyst in terms of availability of 
functional groups like carboxyl (-COOH), a hy-
droxyl group (C-OH), epoxide (C-O-C), lactone 
etc. and associated chemical bonding [225,226]. 
In the investigation range functional group 
varies from wavenumber 400 to 4000 cm-1 
[227]. FTIR value shows the bending or stretch-
ing of the bond between molecule or atoms. In 
present days, researchers use FTIR to analyze 
the peaks (broadening and narrowing of peaks) 
before and after the reaction to check the sta-
bility of catalyst [144]. The Table 7 shows the 
wavenumber and their respective functional 
groups. 
 
5.4 TEM, HRTEM, STEM Analysis 
Transmission Electron Microscopy (TEM) is 
used to elemental mapping, distribution or me-
tallic dispersion of particle in the hybrid form 
of material. Uniform distribution of particle 
has significant catalytic efficiency [52,247]. 
TEM images are also used to determine the 
particle shape, size, and morphologies of parti-
cles [248-250]. High-Resolution Transmission 
Electron Microscopy (HRTEM) finds the micro-
structure and morphology of synthesized cata-
lyst. HRTEM images reveal the extensive in-
terface interaction between metal oxides like 
Fe3O4, Mn3O4, etc. [95,251]. It also differenti-
ates the amorphous and crystal structure of 
particle (crystal is encapsulated with amor-
phous layer) as shown in the Figure 17 in red 
arrow [252]. Scanning transmission electron 
microscopy (STEM) shows the distribution of 
metal ions on support or matrix [253]. 
 
5.5 BET Analysis 
BET (Brunauer-Emmett-Teller) analysis is 
used to study of the specific surface area of the 
catalyst. Different catalyst synthesis process 
could affect the characteristics and properties 
of the catalyst due to their varying surface     
area, i.e. it can control the catalytic behavior of 
Figure 17. HRTEM image (Reprinted with 
permission from Ref. [253] copyright from 
Elsevier). 
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catalyst. The determination of surface area is 
directly related with the formation, defor-
mation of bond or structure due to the thermal 
process, catalyst poisoning and also with cata-
lytic performance. Catalytic activity will be 
high with higher surface area and with smaller 
pore volume [164]. Three methods are available 
to measure the surface area of any catalyst: 
volumetric, gravimetric, dynamic, but the com-
monly used method is the volumetric method 
based on nitrogen adsorption at fixed time and 
temperature [254]. With the analysis of BET, 
the total pore volume (p/p0 = 0.98), average 
pore width (W=4.Vmic/Smic) and the dia. of the 
catalyst  using the Barrett-Joyner-Halenda 
(BJH) model can be determined [255]. 
 
5.6 Thermogravimetric Analysis (TGA) 
Thermogravimetric Analysis (TGA) is con-
ducted on powder to see the changes in weight 
with the changes in temperature. The changes 
in weight are correlated with the sample com-
position and stability. This analysis is exten-
sively utilized to measure the thermal stability, 
composition, moisture, oxidative stability, vola-
tile content, kinetics of decomposition, sample 
dehydration and lifetime. Schematic diagram of 
the TGA instrument is illustrated in Figure 18 
[254]. Weight loss of the prepared catalyst in 
different temperature region is noted. Mostly, 
the first weight loss occurs at around 150 oC 
due to absorption of water molecules on the cat-
alyst surface [164,283]. The weight loss above 
500 oC is due to the oxidation loss [284,285]. 
 
5.7 Raman Spectroscopy 
This instrument is used to know the crystal 
formation or ordered or disordered structure 
[256]. There are two important Raman peaks: 
D band related to the disorders in the wall of 
catalyst and G band related to the C-C stretch-
ing mode of carbon, the intensity ratio of D and 
G band shows the degree of disorder in the 
walls of the catalyst [286-289]. An et al. used 
this technique to analyze the calcined catalyst 
(graphene -BiFeO3) before and after the reac-
tion and at the time of synthesis at 600 °C. 
Broadening and shifting of peaks in Raman 
Spectroscopy curve tells about the addition or 
doping of metal [150]. It is one of the popular 
vibrational spectroscope apart from FTIR 
which can be utilized to assess the motion of 
the molecule, identification of species and func-
tional group [254]. 
 
5.8 Zeta Potential Measurement-Isoelectric 
Point (PZC- Point of Zero Charges) 
Particle size distribution profile of suspend-
ed particles was determined using the dynamic 
light scattering (DLS) technique. The zeta po-
tential indicates the degree of repulsion be-
tween adjacent charged particles in the disper-
sion and thus relate to the stability of the dis-
persion. At lower absolute zeta potential, parti-
cles get agglomerated, while resisting agglom-
eration at high absolute zeta potential. Zeta 
potential is used to determine the stability of 
catalyst at different pH. Zeta potential is noth-
ing but a charge (in mV) present in the catalyst 
surface [257]. Zeta potential (ζ) and Isoelectric 
point (PZC) are related to each other. Zeta po-
tential always decreases with the increase of 
pH. High zeta value of any catalyst means high 
stability. At low ζ, attraction exceeds repulsion 
and dispersion will break and flocculate [217]. 
Similar result was found by Cao et al. at pH of 
10, low ζ value (-3.4) was obtained, but with 
the decreasing pH (pH from 3 to 9, the ζ values 
were 33.7mV, 25.5 mV, 18.9 mV, 4.52 mV, re-
spectively), significant ζ value found [258]. Ac-
cording to Hogland et al.  highest proportion of 
micropores have low ζ and PZC. This is due to 
the presence of high oxygen-containing func-
tional groups [259]. An et al. reported that the 
catalyst activation ability decreases at high pH 
[256]. 
 
5.9 X-ray Photoelectron Spectroscopy (XPS) 
XPS techniques are used to analyze the top 
surface layer and find the composition of mate-
rial with electronic binding energy of prepared 
catalyst. The electron binding energy is calcu-
lated by the following formula: 
 
Ek = hυ - Eb - Ф           (2) 
 
Figure 18. Schematic diagram of TGA instru-
ment. 
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where Ek is the kinetic energy of emitted photo-
electron, hυ is photo energy, Ф is work func-
tion, and Eb is binding energy. 
The main advantages of XPS are to identify 
the chemical state on the surface and to differ-
entiate the oxidation states of present mole-
cules on the surface. It can identify the atomic 
concentration of O, C, S, and Fe on the catalyst 
surface. In Fenton process, the importance of 
XPS lies in the oxidation state of Fe on the cat-
alyst surface which can be identified by this 
techniques and oxygen status also plays a vital 
role in oxidation process. There are four peaks 
under oxygen region, i.e. chemisorbed oxygen, 
lattice oxygen, chemically or physically ad-
sorbed water. According to literature, chemi-
sorbed oxygen plays an active role in oxidation 
process and increases the catalytic activity [46]. 
The binding energy is calculated only for the 
particular element [57,260]. Some researchers 
used XPS before and after the reaction and 
they found the regeneration of species and 
identified active species [21,258]. XPS results 
also validate the significant fabrication of cata-
lyst [57]. 
 
5.10 Temperature Programmed Reduction Pro-
files (TPR)  
TPR gives the knowledge about the nature 
of catalyst (reduction with temperature) when 
matrixed with supportive or other materials. 
This technique also gives the information about 
how any catalyst is formed/reduced in any com-
posite surface with the varying percentage at a 
different temperature. Rezende et al. synthe-
sized a catalyst of varying iron % with niobium 
and found the important information about 
iron  reduct ion  w i th  temperature 
(Fe2O3→Fe3O4→FeO→Fe at different tempera-
ture 430 °C, 640 °C, 800 °C). They also re-
vealed that the sample of 2.4% Fe/Nb at 600 °C 
with intensive peaks have excellent thermal 
stability and 7.6% Fe/Nb is more reactive [261]. 
 
5.11 Diffuse Reflectance Spectroscopy (DRS) 
The UV-Vis DRS technology is used to find 
the band gap energy of any catalysts. It also re-
veals the UV and visible light absorption ca-
pacity of any catalyst when composites are cou-
pled. The band gap decreases with increase in 
Fe concentration in the catalyst, it may be clos-
er to pure Fe-oxide. An et al. found that gra-
phene-BiFeO3 (1.0 ev) have more light absorp-
tion capacity comparatively BiFeO3 (2.05 ev) 
[256]. A similar investigation was done by 
some authors. They found that Fe3O4/g-C3N4 
has high absorption capacity compared with g-
C3N4 [262]. 
 
6. Application of Synthesized Catalyst in 
the Fenton Process 
Main utilization of synthesized catalyst in 
the Fenton process is to treat synthetic and in-
Effluent type Catalyst 
Catalyst preparation 
method 
Treatment/Removal/ 
Degradation Ref. 
COD Color TOC BOD 
Cosmetic industry Fe/Al2O3 and 
Fe/AC 
Incipient wetness im-
pregnation method 
85% - 55% - [263] 
Pharmaceutical in-
dustry 
Fe-TiO2 Dip coating method 83% - - - [264] 
Household (sewage 
wastewater) 
Fe/C - 75% - - - [265] 
Leather industry MAC - 69%   61% 74% [266] 
Fertilizer industry Fe/TiO2 Deposition-precipitation - - 96% - [267] 
Oil refinery Fe-pillared 
bentonite 
ion exchange 92% - - - [268] 
Pulp and Paper Fe-Mn/NaY Impregnation 
method/sol-gel 
75.2%/
45 % 
- - - [269] 
Landfill leachates GAC/Fe Impregnation method 95% 93% - - [270] 
Textile industry Fe/AC Impregnation method 66.3% 96.7% 73.6% 72.5% [271] 
Table 8. Application of synthesized catalyst in real wastewater. 
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Dye Catalyst 
Catalyst prepara-
tion method 
Degradation  Remark Ref. 
Methylene blue CoMoO4 Hydrothermal 100% -High surface area= 61.9 
m2/g. 
-Universality. 
[210] 
Reactive Red 
120 
Fe-ZSM-5 Hydrothermal and 
Impregnation 
98% -High crystallinity, and sur-
face area. 
-Reusable nano catalyst. 
[272] 
Basic violet 1 
and Basic 
green 4 
Cu-ZnO Wet-Impregnation 95. 5% and 
100% 
-Promising sonophotocatalyst 
and excellent reusability. 
[273] 
RB-21, RR-141 
and RG-6G 
CZrW/ ZrW Hydrothermal 95%, 92% and 
50% 
- CZrW is best found for deg-
radation while ZrW was best 
for mineralization. 
[274] 
Reactive Blue 
52 
Fe-doped TiO2 Microwave assist-
ed hydrothermal 
100% >4 the release of iron in solu-
tion was found negligible. 
[275] 
Methyl Orange NdFeB-AC Negative pressure 
Impregnation 
method 
97.8% -Catalyst has good applica-
tion prospect with high sta-
bility. 
-Catalytic degradation shows 
pseudo 1st order model. 
[88] 
Methyl green CeCX Impregnation 100% -Catalyst show the synerget-
ic effect (adsorption and oxi-
dation) 
[276] 
Methylene 
Blue 
Fe3O4/SiO2/C 
nanoparticles 
(FSCNP) 
Hydrothermal 94% -Catalyst has large pH 
range, fast kinetics, good 
resistance against scaven-
gers’ radicals 
[277] 
Reactive Red 2 CuFe2O4 Co-precipitation 91.3% -Catalyst show reusability, 
applicability and high stabil-
ity. 
- NCFOH show high applica-
bility than CFOH. 
[100] 
Rhodamine B Fe2(MoO4)3 Co-precipitation 
and sol gel 
97% -Synergistic effect of Fe3+ and 
MoO42
− 
-kco-precipitation=1.5ksolgel 
[30] 
Orange II MeSrCuO Sol gel 97% -Cu2+ was active phase to 
degrade O II. 
[278] 
Methylene 
Blue 
Kieselguhr/ 
Fe2O3/TiO2 
Co-precipitation 
and impregnation 
98.86% -Ecofriendly catalyst. 
-Easy recovery by external 
magnetic field. 
[279] 
Rhodamine B Fe/SBA-15 Impregnation 93% -Easily regenerated by soak-
ing with H2O2. 
-Less leaching of iron and 
highly stable. 
[280] 
Methyl Orange 
and Rhoda-
mine B 
BaNaPW Hydrothermal >95% -Bisfunction (photocatalyst 
and flocculant) 
[99] 
Methylene blue 
and Rhoda-
mine B 
Gr-Fe/Ce Hydrothermal >90% -Ce plays a key role to lower 
the band gap. 
[281] 
Table 9. Application of synthesized catalyst on dye effluent. 
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dustrial wastewater. Currently, many types of 
wastewater are generated from various sectors 
that can be treated by Fenton process. Various 
researches already have been done with cata-
lytic Fenton process, which are listed below in 
Table 8 and Table 9, represent the industrial 
wastewater contaminated with different dyes. 
The evolution over the last two decades of 
heterogeneous catalyst preparation method, 
modification, characterization and overall ap-
plication has been discussed. Heterogeneous 
catalysts have various advantages such as high 
surface area, less leaching of iron, less sludge 
formation, high recycling possibilities, ease in 
separation and faster rate of reaction which are 
useful for the suitable applications in the field 
of wastewater treatment using Fenton’s pro-
cess. The focus of this review is on the synthe-
sis methods, physical and chemical modifica-
tion to enhance their efficacy, factors which 
may possibly affect the performance of catalyst 
during synthesis, characterization such as 
SEM, XRD, TEM, PZC, TPR, DRS and applica-
tions.    
The fundamentals of catalyst synthesis are 
extensively described in this review and the 
readers will get benefited from the deep in-
sights. Among four synthesis methods, precipi-
tation method was found to be most popular 
and used method based on Scopus data source. 
The efficiency of catalyst can be enhanced 
by modification of catalyst and that modifica-
tion is related to the changes in surface mor-
phology and addition of foreign materials. Suit-
able shape and dimension of any synthesized 
catalyst is important to be effective catalyst. 
Diversified characteristics of catalyst can be 
achieved by only modification. Modification 
(doping) of catalyst enhances the morphologi-
cal, magnetic, optical, structural and electrical 
properties. Small doping is not always fruitful 
for effective potential of catalyst at the same 
time. Ultrasound technique has a vital role to 
enhance the surface area of catalyst. 
Low pH modified catalyst may have an ex-
cellent potential comparatively higher pH mod-
ified catalyst. It always enhances the catalytic 
efficiency. Calcination temperature may affect 
the characteristics and efficiency of catalyst. It 
also affects the reusability and hydrogenation 
of catalyst. High calcined catalyst have less 
surface area, loss of boding and uneven distri-
bution compared to low calcined temperature. 
At low calcination temperature, catalyst be-
comes weak. Modifier could affect the struc-
ture, stability, activity and surface area of syn-
thesized catalyst. Modifiers decrease the sur-
face area but improves the activity and stabil-
ity of catalyst. 
The characterization methods, such as: 
SEM, XRD, FTIR, TEM, TGA, PZC, TPR, and 
DRS of synthesized catalyst, gives the ideas of 
their structure, nature, dimensions, shape, 
composition, functional group, distribution, dis-
persion, mapping, surface area, pore volume, 
diameter, thermal stability, nucleation, stabil-
ity and band gap energy of catalyst. 
 
7. Conclusion and Recommendations 
The present review is focused on the differ-
ent catalyst preparation methods like wet im-
pregnation, hydrothermal, precipitation, and 
sol-gel. Different methods have their own sig-
nificant importance, but the challenge is to 
identify the selectivity of the method. In this 
area, there is a tremendous hope to do some-
thing new by means of catalyst modification. 
Catalyst modification is a very vast area in the 
synthesis of the catalyst. The main objective of 
catalyst modification is to enhance the catalyt-
ic efficiency, fast catalytic reaction, surface ar-
ea, pore volume, catalyst stability, and reusa-
bility. There are various ways to do modifica-
tion on the catalyst, discussed in details in this 
review. Apart from established modification 
techniques, some new modification techniques 
need to be developed, so that it can be easily 
and cost-effectively applied in industrial scale 
level. In this work, we also discussed the fac-
tors which are responsible for the synthesis of 
effective catalysts like pH, temperature or 
modifier. Characterization of any catalyst is 
necessary to reveal the reason behind effective 
and successful catalyst. On the basis of that, 
we can optimize the synthesis method, modifi-
cation techniques and other factors. Many 
characterizations already have been done by 
previous researchers, but in this work, only 
specific characterization was discussed for the 
synthesized catalyst. 
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